Changes in the genital mucus around the oestrus are used by different diagnostic methods to determine optimal fertilisation time. In the current study, the authors evaluated the different arborisation patterns found in vestibular mucus, and also established its relationship with vestibular resistance changes during oestrus. Thirty multiparous sows were checked by transrectal ultrasonography to determine ovulation time every 12 hours. Vestibular resistance was measured with a commercial resistance probe, and vestibular mucus ferning was also evaluated every 12 hours during the oestrus. Significant changes (P<0.05) in vestibular resistance were detected, registering high variation among individuals. Maximum resistance data was reached between 12 and 24 hours after ovulation time in 83 per cent of the sows. Crystallisation samples were classified into three different patterns according to the fern-like crystal degree. Arborisation peak occurred from 48 to 36 hours before the moment of ovulation, when vestibular resistance values increased gradually. In the optimal insemination moment, vestibular resistance increased significantly (P<0.05) and vestibular mucus showed a low crystallisation pattern (P<0.05). Combining several methods to measure genital mucus changes may predict the ovulation time and the best insemination moment.
Introduction
Genital mucus is a biological fluid of complex composition that is mainly derived from cervical secretions (Odeblad 1968) . It contains two principal fractions, an aqueous phase containing the soluble components, and an insoluble fraction (Schumacher 1973) . Water is the major component of genital fluid and includes several dissolved substances, such as sodium chloride, phosphate and bicarbonate salts, proteins and amino acids. Macromolecular glycoproteins, also known as mucins, constitute the insoluble fraction and determine the viscoelastic gel properties of mucus (Gibbons and Glover 1959) . Genital fluid shows cyclic changes in their physical and chemical characteristics, which have been used to predict the insemination time (Zaaijer and others 1993) . The interval between artificial insemination and ovulation has been considered optimal when deposition has been done between 24 and 0 before ovulation using boar liquid semen (Soede and others 1995) .
Crystallisation or arborisation of vaginal and cervical mucus was first described by Papanicolau (1942) in women. When mucus is placed on a slide and air dried, sodium and phosphate salts develop some crystals around the vaginal proteins, especially mucins (Moghissi 1980) . Different crystalline patterns have been determined throughout the oestrus cycle in several species (Raeside and McDonald 1959 , Abusineina 1962 , Betteridge and Raeside 1962 , England and Allen 1989 . Arborisation arises during follicular phase and disappears in the luteal phase of the cycle (Garm and Skjerven 1952) . The maximal crystallisation occurs at the onset of oestrus due to secretion of sex hormone (Wearing 1959) ; oestrogens stimulate crystallisation, and progesterone inhibits it (El-Banna and Hafez 1972) .
Changes in the genital mucus, or tissue, during the period of oestrus are accompanied by a modification in electrical resistance (Zink and Diehl 1984, Stokhof and others 1996) . The ratio of sodium chloride:mucins increases considerably at ovulation time (McSweeney and Sbarra 1964) enhancing electrical resistance of the mucus. Vaginal resistance is lowest during the follicular phase and highest during the luteal phase of the oestrous cycle (Schams and others 1977, Dusza and others 1996) . Rezác and others (2003) have studied the changes in the vestibular resistance, recording opposite values in the vagina. Vestibular resistance decreases in proestrus but significantly increases in oestrus.
The objective of this study was to determine the ovulation time based on morphological characterisation of the different arborisation patterns in vestibular mucus, and its relationship with vestibular resistance changes during oestrus in sows.
Materials and methods

Animals
Care and use of animals were performed according to the Spanish Policy for Animal Protection RD1201/05, which meets the European Union Directive 86/609 on the protection of animals used for experimental and other scientific purposes. The study was carried out on a commercial pig breeding farm located in Zaragoza (Spain). Thirty multiparous crossbred sows (Landrace × Large White) were placed into individual pens under temperature and humidity environment controlled. Sows were fed with a commercial diet twice daily and had ad libitum access to water.
Detection of oestrus and ovulation
Heat detection was performed twice a day using the backpressure test in presence of a sexually mature boar at intervals of 8 hours from 48 hours after weaning. The time of onset of oestrus was defined as the first time a sow showed a standing response. Once sows exhibited oestrus, transrectal real-time ultrasonography was performed every 12 hours to determine the time of ovulation. Follicular growth was monitored using a Schimasonic SDL 32B scanner (Shimadzu Corporation, Kyoto, Japan) and fitted with a trans-rectal 7.5 MHz linear transducer. The procedure was described in detail by Soede and others (1992) . The transducer was lubricated and manually inserted into the rectum, until both ovaries were detected. During scanning, the number and size of preovulatory follicles was determined using the calibrated measurement functions. Ovulation was determined to be complete when large follicles disappeared, or fewer than three follicles ≥5 mm in diameter remaining on the ovaries. An additional ultrasound scanning was performed to confirm that ovulation had occurred.
Electrical resistance measurement
The electrical resistance was measured with a commercial resistance probe (IMV, L'Aigle, France). This instrument is a plastic probe with two rings of electrodes at the top, which are connected to a battery. The resistance was obtained by measuring the voltage produced by the tissue and mucus in response to the electric current generated by the battery. The minimum and maximum range of resistance measurable was from 0 to 200 Ω. The instrument was disinfected using a 70 per cent ethyl-alcohol solution and inserted into the vestibule at 4 cm from the vulva. Next, the probe was moved until contact with the mucosa and the resistance was measured. The values were carried out every 12 hours from one day after weaning to three days after oestrus onset.
Collection of vestibular mucus
Samples were obtained every 12 hours from one day after weaning to three days after oestrus onset. A sterile sheathed cotton swab was introduced 4 cm into the vestibule. The animal's vulva was previously cleaned. The fluid was placed on glass slides and air dried at room temperature. Samples were fixed in methanol (Panreac, Barcelona, Spain) for 10 minutes and washed twice in water. Thereafter, the slides were immersed in a 5 per cent (v/v) Giemsa stain solution (Química Analítica Aplicada SA, Tarragona, Spain) for 20-30 minutes, and washed again in water. Samples were observed with an Olympus BX40 microscope. Three crystallisation patterns were determined, according to Abusineina (1962) : pattern A, with long and thin stems combined with clear venation and subvenation, showing typical fern-like crystals; pattern B, with short stems and irregular venation; pattern C, with virtually no mucus crystallisation.
Statistical analyses
Statistical evaluation was performed using SPSS V.16.0 for Windows. Electrical resistance values were expressed as mean±standard error mean, and were analysed using one-way analysis of variance (ANOVA) with repeated measures. When ANOVA revealed a significant effect, values were compared by the least significant difference pairwise multiple comparison post hoc test (Duncan). Mucus crystallization patterns percentages data were assessed using Pearson Chi-square test. Differences were considered statistically significant at P≤0.05.
Results
Oestrus was detected 37±7.5 hours before the timing of ovulation.
Mucus collected from the vestibule showed marked changes in ferning patterns at the time of oestrus (Fig 1) . The percentages of crystallization patterns in vestibule mucus are presented in Figure 2 . Three sows didn't show any arborization or showed anormal crystal distribution. Positive samples with a short stems and irregular venation tended to appear during proestrus. Crystallization pattern type A was found only between 48 and 24 hours before the ovulation time, and the highest percentage of crystallization was observed 36 hours before ovulation moment (P<0.05). Crystallization type B and C was determined over a long interval sampling, although 12 hours before the ovulation time pattern type C was showed by a significant (P<0.05) higher percentage of sows. The duration of arborisation ranged from 3 to 4 days. 
Discussion
Biophysical and biochemical characteristics of the genital mucus change around the time of the oestrus cycle (Zaaijer and others 1993) . These modifications are used by different diagnostic methods such us, electrical resistance (Ko and others 1989, Dusza and others 1996) , and mucus ferning (Abusineina 1962 , Betteridge and Raeside 1962 , England and Allen 1989 to determine optimal fertilisation time in different species.
In the present study, three different arborisation patterns have been determined around the timing of ovulation in sows. However, there was variability in the onset time and intensity of arborisation among sows. Maximum crystallisation was observed between 48 and 36 hours before the moment of ovulation, which coincides with the period of high oestrogen levels (England and Allen 1989, Soede and others 1994) . These findings agree with reports in cycling sows that show arborisation peak one day before the onset of oestrus (Betteridge and Raeside 1962) . The genital mucus ferning is inhibited by progesterone, which may explain the absence of this phenomenon when progesterone levels are high, that is, in diestrus or in pregnancy (Wearing 1959) .
It is accepted that genital mucus is not a homogeneous entity (Odeblad 1997) . Observations in women suggest that four mucus types are produced in different areas of the vagina showing different morphological characteristics (Odeblad, 1997) . In the present study, samples were obtained in the same place in the vestibule, but different patterns belonged from several animals.
Mucus molecular organisation is a consequence of mucins disposition, which form a network of filaments (Odeblad 1968, Rutllant and others 1997) . Under the influence of oestrogens, this filamentous network would be structured increasing the spaces containing the aqueous phase and the pore diameter (Chretien and others 1973) . These spaces would allow free movement of spermatozoa. Therefore, the best conception rate in cows is determined with a high fern-like arborisation pattern of mucus sample collected at insemination time (Jezková and others 2008) .
Apart from genital mucus, crystallisation also occurs in every mucus secretion, including saliva (Zondek 1959) . Several commercial tests have been developed in women to establish the fertile period. In bitches, different saliva crystallisation patterns have been described, reaching low correlation with optimum mating time (Pardo-Carmona and others 2010).
There are cyclical changes in the sodium and potassium salts of genital mucus during the oestrous cycle, which are enhanced before ovulation time (Haynes 1971) . In this moment, arborisation type A was the pattern predominant in the samples. Modifications in electrical resistance are related to changes in the mucus composition, or in the vestibular tissue (Zink and Diehl 1984, Stokhof and others 1996) . Our vestibular resistance data showed a significant (P<0.05) increase during ovulation time. Highest resistance was reached between 12 and 24 hours after ovulation time. These results agreed with data previously reported (Zink and Diehl 1984, Rezác and others 2003) . When samples showed the highest crystallisation pattern (P<0.05), vestibular resistance values increased gradually. At the optimal insemination moment, electrical resistance enhanced significantly (P<0.05), and vestibular mucus showed a low arborisation pattern. Rezác and others (2003) measured the vestibular resistance around the cycle. Electrical resistance values were not decreased during proestrus, but increased during oestrus, newly decreasing during early diestrus. On the other hand, vaginal resistance decreases during proestrus and increases in oestrus others 1988, Ko and others 1989) . Negative correlation was found between the decrease in vaginal resistance and the elevation in vestibular resistance (Rezác and others 2006) . The drop in vaginal resistance is probably the consequence of oestradiol peak (Dusza and others 1996). However, the substance which induces the increase in vestibular resistance is unknown (Rezác and others 2006) . Dusza and others (1996) reported that the measure of vaginal resistance helps in predicting LH surge. However, Stokhof and others (1996) found considerable variations among sows. In cattle, changes in vaginal resistance have a closer relationship with the timing of ovulation (Smith and others 1989) . The pregnancy rate was higher (52 per cent) in animals inseminated with low vaginal resistance, and not oestrus behaviour than animals with oestrus signs (49 per cent) (Foote and others 1979) .
The main problem with this method is the wide variation of values (Rezác and others 1988) . The reasons are related to the instability of contact between the vestibular mucosa and the probe or the oestrus duration (Rezác and others 2003) . Moreover, the vestibular resistance is measured with the two-terminal instrument, which produces an electrode polarisation resistance (Ackmann 1993) , and the real values may be distorted.
In conclusion, three different crystallisation patterns were found in vestibular mucus around the oestrus in sows. In the optimal insemination moment, vestibular resistance increased significantly (P<0.05), and vestibular mucus showed a low crystallisation pattern (P<0.05). Combining several methods that measure the genital mucus changes may predict the ovulation moment and the best mating time.
